OBJECTIVES: Stent graft-induced retrograde type A dissection is a life-threatening complication after endovascular treatment of acute aortic type B dissections.
INTRODUCTION
Thoracic endovascular aortic repair (TEVAR) is used increasingly often as a less invasive treatment option than open surgery for patients with complicated Stanford type B thoracic aortic dissections. A complicated type B aortic dissection is defined as progression of the dissection and rapid aortic dilatation with the risk of aortic rupture, malperfusion due to compression of major arterial side branches which may affect lower extremities as well as visceral organs, refractory hypertension and pain [1] .
Owing to its safety and efficacy, TEVAR has become the standard procedure for complicated type B dissection [2, 3] .
The potential benefits of TEVAR, such as avoidance of thoracotomy, extracorporeal circulation and cardiac ischaemia, have to be weighed against the considerable risk of acute or delayed retrograde type A dissection, stroke, paraplegia or access-related complications at the femoral or iliac arteries. Another major concern associated with this minimally invasive procedure is whether the stiff stent graft or endovascular manipulation would injure the aorta. This may lead to the potentially lethal complication of retrograde ascending aortic dissection [4] [5] [6] [7] [8] [9] [10] [11] [12] .
The aim of this retrospective analysis was to report the incidence and clinical characteristics of retrograde aortic type A dissections after TEVAR, and describe a bail-out strategy using the frozen elephant trunk technique to counteract this potentially lethal complication.
MATERIALS AND METHODS

Patients
We performed a retrospective analysis of 29 consecutive patients who underwent TEVAR for acute complicated aortic dissection type B from August 2005 to February 2011.
Indications for TEVAR were malperfusion in 5 patients, contained rupture in 5 patients, increasing diameter of the aorta in 4 patients and persistent pain or uncontrollable hypertension in 15 patients. The median interval between the onset of symptoms and implantation of the endovascular graft was 4 days (range, 0-14 days). All patients underwent CT angiography of the entire aorta prior to the intervention in order to determine their anatomical feasibility for stent graft implantation. Furthermore, lumen diameters of the ascending aorta, the aortic arch and the descending aorta as well as the site of the primary entry tear were analysed.
Four patients [two men and two women; median age 62 years (age range, 51-70 years)] developed retrograde type A dissection.
In a 70-year old man, the retrograde dissection remained primarily undetected and untreated. The patient was in hospital with no clinical signs of rupture until Day 7 after stent graft implantation. A CT-angiography was planned on this specific day to evaluate the positioning of the stent graft and potential endoleaks. The patient died suddenly, with no clinical signs, 7 days after stent graft implantation. Autopsy revealed cardiac tamponade due to retrograde type A aortic dissection.
Stent graft devices
Four types of stent grafts were used in this series. The Valiant Thoracic Stent Graft (Medtronic Endovascular, Santa Rosa, CA, USA) was used in 21 patients. The Gore Thoracic Excluder stent graft (WL Gore, Flagstaff, AZ, USA) was inserted in five patients. The E-vita thoracic stent graft ( Jotec Company, Hechingen, Germany) was used in three patients. The diameter of the stent graft was oversized by 0-10% in relation to the diameter of the native aorta in order to achieve tight sealing. Balloon dilatation was avoided in all patients. All procedures were performed in the angio suite in cooperation with, and in the presence of, an interventional radiologist together with a cardiovascular surgeon.
All patients were operated under general anaesthesia, tracheal intubation and mechanical ventilation.
An angiography catheter was introduced by the Seldinger technique through the main access artery and from the contralateral groin percutaneously. A maximum dose of 5000 IU heparin was administered by the intravenous route. The angiography catheter was advanced to the ascending aorta under fluoroscopic guidance, the delivery system was positioned at the desired level and the stent graft deployed. In 18 patients (62%) the origin of the left subclavian artery was covered with the stent graft in order to satisfactorily exclude the lesion. A final aortography was performed to demonstrate stent graft location and ensure that the false aneurysm had been properly excluded.
Operative strategy of retrograde type A dissection after TEVAR with E-vita open stent graft
In cases of retrograde aortic type A dissection ( Fig. 1 ), we performed combined surgical and endovascular repair using a specially designed hybrid prosthesis ( Jotec E-vita open).
Replacement of the ascending aorta, the aortic arch and the proximal descending aorta can be performed simultaneously by this combined single-session procedure.
The E-vita open hybrid device is composed of a vascular Dacron prosthesis in continuity with the self-expanding stent graft.
The arterial cannulation site was the right axillary artery via a short 8-mm Dacron prosthesis. Venous cannulation was introduced into the right atrium in the usual manner. All operations were performed under moderate hypothermia (25-28°C).
Once a core temperature of 25°C had been achieved, the ascending aorta and the concave portion of the aortic arch were resected in a state of circulatory arrest. Selective antegrade cerebral perfusion with 10 ml/kg/min cold blood was achieved via a catheter in the left carotid artery and the cannula in the right axillary artery after clamping the brachiocephalic artery. Oxygen saturation was measured by infrared spectroscopy during cerebral perfusion. In one patient, the previously implanted stent graft could be extracted and removed easily from the descending aorta. In the remaining two patients the endovascular prosthesis already in place at the descending aorta was shortened as far as possible.
As the next step, the E-vita open stent graft was introduced into the true lumen of the descending aorta or the remaining stent graft via the open aortic arch (Fig. 2) . The point of orientation for placement of the stent was offspring of the subclavian artery. After antegrade implantation through the opened aortic arch into the descending aorta, the stent graft was fixed to the aortic stump at the origin of the left subclavian artery using a continuous polypropylene suture supported with Teflon strips by a double-sandwich technique. Reconstruction of the aortic arch with preservation of the supra-aortic branches and the convex portion of the aortic arch was performed. The ascending aorta and the concave portion of the aortic arch were replaced with an additional coated Dacron prosthesis and anastomosed to the reconstructed descending aorta [13, 14] . The proximal anastomosis was performed at the sino-tubular junction preserving the aortic valve.
RESULTS
In three patients, the retrograde dissection was observed during the endovascular intervention in the angio suite. They were immediately transferred to the operating room for emergent surgical conversion. All of these patients underwent combined surgical and endovascular repair of the affected aorta by the frozen elephant technique as described earlier [13, 14] . Operative data are listed in Table 1 .
A valiant stent graft prosthesis was used in all three patients with retrograde type A aortic dissection. The site of the primary entry tear was at the concavity of the distal aortic arch in two patients, and at the convexity in one patient. In one patient who experienced retrograde-type dissection (median 44 vs. 37 mm), the diameter of the ascending aorta was remarkably larger and the distance from the primary entry tear to the left subclavian artery was shorter (median 9 vs. 15 mm) ( Table 2 ).
Operative data
The mean duration of circulatory arrest was 61 ± 3 min. The duration of aortic cross-clamping and extracorporeal circulation was 92 ± 16 and 180 ± 27 min, respectively. Ventilation time was 2 ± 3 days, the stay at the intensive care unit 10 ± 8 days and the length of hospital stay 17 ± 15 days.
Clinical outcome
All patients survived the surgical procedure. No stroke, paraplegia or other major neurological complications occurred. One patient developed renal failure requiring haemofiltration for 8 days. Postoperative CT scans revealed perigraft thrombus formation and stable aortic dimensions in all patients after 6 months.
DISCUSSION
The technical feasibility and the low mortality and morbidity rates of TEVAR when compared with open surgical repair for the treatment complicated type B aortic dissection have been reported by several authors [2, 3, 15] . However, this endovascular intervention is not entirely devoid of risks. An increasing number of complications of endovascular therapy have been reported in the recent published literature [4] [5] [6] [7] [8] [9] [10] [11] [12] . The underlying pathology of type B aortic dissection is a systemic illness. The natural progression of this aortic pathology, including expansion of the false lumen and the diameter of the aorta followed by further extension of the dissection or even rupture, has been observed in one-third of patients who underwent initial treatment 5 years after the condition was diagnosed [16, 17] .
The life-threatening situation of retrograde type A aortic dissection after TEVAR is caused by stent-related manipulation and the fragility of the entire aortic wall [15] .
One of the sources of potential injury to the aortic wall are the proximal bare springs which are designed to provide strong radial force and ensure proximal fixation of the stent graft. Retrograde type A dissections are most commonly caused by endovascular prostheses with proximal bare springs. [6, 10, 15, 18] . Balloon dilatation bears the additional risk of a patient developing further dissection in the fragile aortic wall [12, 15, 19] .
In our series, a prosthesis with a proximal bare spring was used in 25 patients. The tip of the proximal bare springs induced a retrograde type A dissection in four patients. In the present series, we performed no balloon inflation on the dissected wall during placement of the stent graft.
The location of the primary entry tear influences retrograde type A dissection in acute type B dissections. In an experimental circulatory model, Dziodzio et al. [20] described retrograde propagation of the dissecting membranes when the primary entry tear was located at the concavity. The same has been reported for intramural haematoma. In contrast to the site of convexity, the site of concavity is devoid of anatomical barriers such as supra-aortic vessels [21] .
In the recent cohort, the majority of patients experiencing retrograde dissection after TEVAR had a primary entry tear at the concavity of the distal aortic arch.
The shape and diameter of the ascending aorta must be taken into account in the treatment of complicated type B dissections. The dissection may not be limited to the descending aorta, but may involve the ascending aorta as well due to generalized propagation of this disease. Therefore, assessment of the ascending aorta is of substantial importance in planning effective and safe treatment of complicated type B aortic dissections. In our patient group, the dilated ascending aorta may influence the occurrence of retrograde type A dissection after TEVAR as described in Table 2 .
The principal aims of surgery for an acute type A dissection by the conventional technique of replacement of the ascending aorta and the aortic arch are to ensure the patient's survival and a low morbidity rate. The management of retrograde type A aortic dissection after TEVAR has not been standardized yet. Published reports focus on the treatment of retrograde type A aortic dissection in the ascending aorta, aortic arch replacement, or both, but do not address the lesion that develops into the antegrade or retrograde component of the dissection. In cases of type B aortic dissection, the site of the primary entry tear is located in the descending aorta and cannot be effectively eliminated by single replacement of the ascending aorta and the aortic arch.
The single-stage hybrid approach implies conventional open surgical treatment of the ascending aorta and the aortic arch combined with open antegrade stent grafting of the proximal descending aorta via a median sternotomy. A running suture line at the offspring of the left subclavian artery ensures closure of the primary lesion. The frozen elephant trunk technique thus permits treatment of the underlying pathology in the proximal descending aorta [22] .
In summary, this single-stage hybrid approach permits safe, effective and simultaneous treatment of the ascending aorta, the aortic arch and the descending aorta in patients with acute complicated type B aortic dissection who undergo TEVAR and develop retrograde type A dissection. The procedure is associated with a good clinical outcome in patients with this potentially lethal complication. Based on these findings, the frozen elephant trunk procedure should be considered as a valuable option in patients with acute complicated type B aortic dissection if associated with dilatation of the ascending aorta or possible potential components for retrograde type A dissection like a short distance to the subclavian artery or the concavity of the aortic arch as possible primary entry tear.
LIMITATIONS
Given the need for acute intervention in patients with complicated type B aortic dissection following retrograde type A dissections after TEVAR, the present investigation was conducted as a retrospective intention-to-treat analysis.
Although the patient population is small (n = 3), the results support the thesis that retrograde type A aortic dissection can be effectively treated by means of a combined surgical and endovascular repair of the thoracic aorta. The small sample size was due to the low incidence of this disease. Taking into account the retrospective fashion of this study and the small number of patients, the enlargement of the ascending aorta and the short distance to the subclavian artery are the most noticeable parameters in the case of retrograde dissection and should be considered before stent graft implantation in type B dissections. A multi-centre study should be performed to confirm these findings. Besides, a prolonged follow-up period will help to document the advantages of the method.
